The breeding histories of 218 female Common Goldeneyes Bucephala clangula were recorded between 1971 and 2000 in a study area in Schleswig-Holstein, northern Germany. Females were first recorded breeding at a median age of 2 years usually in their area of hatching (philopatry). One hundred and two of 140 females (73%) re-nested only in one of the 13 nesting areas (clusters of nestboxes) for all their known life of up to 13 breeding seasons. The remaining 38 individuals moved between different nesting areas at least once between breeding attempts. The two oldest females were still breeding at a minimum age of 15 years (i.e. 13 years between first and last recorded breeding attempt). Temporal variations in annual survival rates of adult females could best be explained by a model with annual survival rate varying independently and randomly about a mean of 0.830 (se = ±0.023) with an estimated sd of ±0.092 (95% CI = 0.064, 0.138). No trend in the annual survival rate was detected over the study period of 30 years, although the presence of a moderate trend could not be ruled out. The absence of any discernible trend in survival at a time when the population size increased substantially indicates little, if any, density-dependence in survival of female Goldeneyes during this study.
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A scarcity of available nest-sites frequently limits the breeding density of hole-nesting birds (Newton 1994) . In hole-nesting ducks, reproducing females may compete for nesting cavities, and the production of philopatric female offspring may intensify future competition (Pöysä et al. 1997b) . Previous studies of goldeneyes (Bucephala clangula and B. islandica) have found a high degree of breeding site fidelity (Sirén 1957 , Rajala & Ormio 1970 , Nilsson 1971 , Dow & Fredga 1983 , Bräger 1986 , Savard & Eadie 1989 , Pöysä et al. 1997b . Nest-site fidelity and early start of incubation are advantageous when competition for nest sites is strong. Adult females can benefit from their experience with the availability of nestsites (Savard & Eadie 1989) . Non-breeding female yearlings are known to return to their natal area prior to breeding to prospect for potential nestsites (Eadie & Gauthier 1985 , Zicus & Hennes 1989 , Ludwichowski 1997b . A change of nestbox is frequently a consequence of hatching failure in the previous season (Dow & Fredga 1983 , Savard & Eadie 1989 , Eadie et al. 1995 often due to predation by Pine Marten Martes martes (cf. Eriksson 1975 , Pöysä et al. 1997a ). In our study area, a change of nestbox was sometimes caused by interspecific competitors for nestboxes such as Tawny Owl Strix aluco, Red Squirrel Sciurus vulgaris, and Eurasian Jackdaw Corvus monedula.
Changing nest-site incurs a penalty. After changing nestboxes, females start egg-laying later in the season, resulting in late hatchlings with a lower probability of survival (Dow & Fredga 1983 , 1984 . In general, early and late fledglings may not contribute equally to the parents' fitness (Ollason & Dunnet 1988 , Mills 1989 , Milonoff et al. 1998 , Verboven & Visser 1998 , Lepage et al. 2000 , and an increase in breeding density may lead to competition and lower survival (e.g. Coulson & Wooller 1976) .
Here, we use data from a long-term study of breeding Common Goldeneye to test the hypothesis that site-fidelity and survival are reduced because of increasing Goldeneye density when the number of available nestboxes decreases. The aim of this study is to investigate breeding site fidelity and to measure the magnitude of, and possible changes in, survival rates of breeding females at a time of increasing breeding density and competition for nest-sites. The analysis was based on a new mark-recapture model that uses captures of breeding individuals in nestboxes, resightings by the general public of individually colour-ringed females, and birds found dead during this long-term study.
STUDY AREA AND METHODS

Study area
The study area covers approximately 50 km 2 around the town of Preetz, Schleswig-Holstein, Germany (54°14′N, 10°17′E). It includes a number of polytrophic lakes connected by two rivers (for a map of the study area see Bräger 1986 or Ludwichowski 1997b . Due to intensive forestry in the study area, the supply of natural tree cavities is sparse and Goldeneyes breed mostly in nestboxes. Our study area contains 13 nesting areas, each with a cluster of nestboxes along up to 300 m of shoreline. The shortest distance between any two nestbox clusters (nesting areas) was 600-700 m (cf. Bräger 1986) . A change of nesting area between breeding seasons therefore was defined as use of a new nestbox in a distance ≥ 600 m from the one used previously. Fidelity to individual nestboxes (i.e. within a cluster) was difficult to study because of a high replacement rate of nestboxes.
Study animals
We analysed data from captures and re-sightings of 218 individually marked females collected during 30 years in a small, expanding breeding population of Common Goldeneye. The study population is part of the larger breeding population of Schleswig-Holstein (i.e. within a 70-km radius) currently encompassing c. 450 pairs (Knief et al. 1995) .
Common Goldeneye first bred in north-western Germany around 1900 (Bauer & Glutz von Blotzheim 1969) . After a period of slow population growth, the numbers of breeding pairs in the study area increased rapidly from 1983 (Ludwichowski 1997a ). This was paralleled by a recent expansion of the species' range in northern Germany (Berndt & Kirchhoff 1993) . Many adults moult close to their breeding areas on neighbouring lakes within the study area. Some individuals, especially as they become older, also spend the winter season in the study area and can be sighted year-round (Ludwichowski 1989) . Young females, however, winter up to 800 km to the south-west (Ludwichowski 1997b) . Adult drakes, which show strong pairfidelity (Ludwichowski 1996) , are not caught as they leave the breeding areas shortly after the females start incubating.
Field methods
Between 1971 and 2000, a total of 218 females were caught 596 times (incl. 378 recaptures; Fig. 1 ). Each year the majority of incubating females was caught on their clutches after the first 2 weeks of incubation. When caught for the first time, females were marked with a metal leg ring of the 'Vogelwarte Helgoland' ringing scheme as well as with an individual combination of two or three colour-rings to allow individual identification on the water. We never observed any loss of colour-rings during our study.
In addition to data from 218 markings and 378 recaptures, 867 sightings of 90 colour-ringed females on lakes in the study area were also included in the analysis. Furthermore, 12 females were killed in their nestbox by martens Martes sp. and one female was killed by a Marsh Harrier Circus aeruginosus shortly after leaving the nestbox with its family. Some females may have been killed by Goshawks Accipiter gentilis while leaving or entering their nestboxes. There were only two recoveries of dead adult females from outside the study area (in the Netherlands and at the German North Sea coast); they were also included in the analysis.
Since 1983, 2225 day-old ducklings have been marked (up to end 1999) with wing tags while in their natal nestboxes (about 50% of all ducklings that hatched in our nestboxes). So far, only 18 (0.8%) have been recorded as adult females. Therefore, determining absolute age remains difficult, and age is given as number of breeding seasons since first marking. Thus birds recorded breeding for the first time are regarded as having a 'breeding age' of 1 year despite the fact that they were at least 2 years and probably no more than 6 years old. Years without a breeding record are included in the individual's breeding age. Females are regarded as 'older' and more experienced when breeding at least for the second time, at the time of recapture. A clutch was regarded as successful when at least one egg hatched.
Statistical analysis
Recapture, resighting, and dead recovery of marked female Goldeneyes was modelled using a joint live recapture /resighting model (Barker 1997 (Barker , 1999 ) and the computer program MARK (White & Burnham 1999) . Unlike a conventional Jolly Seber model which assumes that emigration is permanent (Pollock et al. 1990) , the model we used allows three distinct forms of movement of birds in and out of the study population: 1 random temporary emigration where the probability that a bird is at risk of capture at time i is the same regardless of whether or not it was at risk of capture at time i − 1; 2 permanent emigration where a bird which leaves the study area between time i − 1 and i can never return; 3 Markov emigration where the probability that a bird is at risk of capture at time i depends on whether or not it was at risk of capture at time i − 1.
The relaxation of restrictive assumptions about animal movement means that estimates of survival probabilities will be valid in a wider range of biological conditions.
Note that the term 'movement' does not necessarily imply that the birds have physically moved. To be at risk of capture, the bird must be a breeder and must select a nestbox within the study area. A bird that remains in the area as a non-breeder or that selects a nest-site outside the study area is considered to have emigrated from the population at risk of capture.
We considered a variety of models incorporating constraints on parameters and used a small sample version of Akaike's Information Criterion (AICc) for choosing between models (Burnham & Anderson 1998) . We also adopted the model selection strategy recommended by Burnham and Anderson (1998) for selecting the best approximating model from a set of candidate models. In this approach, models within 2 AICc units (∆AICc ≤ 2) of the model minimizing AICc are considered to have substantial support and should be used for making inferences (Burnham & Anderson 1998) . Models having ∆AICc of about 4-7 have considerably less support, and models with ∆AICc > 10 have essentially no support.
In the model-fitting summary in Table 1 , a t subscript is used to denote a parameter varying through time and a '.' is used to denote a parameter held constant through time. Models where F. and F′. are constrained to 1 are random temporary emigration models, models with F′. = 0 but F i estimated are permanent emigration models, and models where F t and F′ t are estimated are Markov emigration models. Random temporary emigration models with time variation in movement and recapture probabilities were not considered as these parameters are confounded when both types of parameters vary through time (Barker 1997) .
In the second model in Table 1 , the term S T is used to indicate a model where ln(S i /1 − S i ) (the natural logarithm of the odds of survival) is modelled as a linear function of time. The model where the symbol ψ replaces S i is a random-effects model where S i is considered to be a random sample from a distribution with mean ψ and variance σ 2 . The estimates of ψ and σ 2 were obtained using the shrinkage estimator incorporated in program MARK (White & Burnham 1999 ).
RESULTS
Nestbox occupation rate
A simple logistic regression on time provided strong evidence that the probability that a nestbox was occupied increased between 1978 and 2000, with the logarithm of the odds that a nestbox was occupied increasing at a rate of 0.044 (se = ±0.008) per year. The lowest observed occupancy rate was 39% in 1981 and reached a maximum of 82% in 1992. This increase in occupancy rate occurred despite the number of nestboxes also increasing, from 56 in 1986 to 87 in 1996.
The proportion of first-time breeders (recruits) dropped from 50.4% (81 out of 160 breeders, 1972-1985) to 29.8% (136 out of 433 breeders, 1986-2000) during that time (Fig. 2) . From the mid-1980s onwards, the proportion of occupied nestboxes was continuously above 55%, and the proportion of first-time breeders was below 40% (after 1988). The reduced recruitment of breeding females appears to be a consequence of increased intraspecific competition for nestboxes.
Change of nesting area (nestbox cluster)
Of 140 recaptured females with at least two breeding attempts in the study area, 38 individuals (27%) changed the nesting areas at least once between two breeding periods, including one that changed nesting areas between each of four successive breeding seasons. The remaining 73% of all females (n = 102) nested only in one of the 13 nesting areas for all their known life of up to 13 breeding seasons.
A simple logistic regression on time provided strong evidence that the probability that a female changed nesting areas depended on time, with the logarithm of the odds that a nesting female is nesting in the same cluster of nestboxes as the previous year increasing at a rate of 0.108 (se = ±0.026) per year.
Of 262 breeding attempts with known outcome and where the location of the following year's attempt was also known, 228 were successful in the first year with 31 (14%) subsequent changes of nesting area, and 34 were unsuccessful in the first year with five (15%) changes of nesting area. These data provide no evidence that changes of nestbox clusters depended on the outcome of the preceding breeding attempt (Fisher's Exact Test, P = 0.793). However, this does not rule out such a relationship as the 95% confidence interval (0.39, 3.04) for the amount by which the odds of changing the nesting area are multiplied, if the nest is unsuccessful instead of successful, is very wide and could accommodate both a large reduction in the odds (0.39) and a large increase (3.04). 
Age composition of breeding females
The age composition of adult females was typically skewed (Fig. 3) with a median breeding age (i.e. the time between first and last nesting record) of all caught females of 2 years.
The two oldest females reached a breeding age of 13 years, implying they were at least 15 years old when last caught on a clutch. One was resighted as a non-breeder in the study area in a subsequent year before it vanished completely. While absence from the breeding population does not imply death of the bird, these individuals are unlikely to have any further influence on the breeding population.
Statistical model selection
The model that minimized AICc was the model S.p.r.R t R′ t F.F′. (Table 1 ). This is a Markov emigration model with time-varying resighting probabilities but all other parameters fixed through time ( Table 2 ). The Akaike weights in Table 1 provide the weight of evidence in favour of a particular model being the best, given that one of the complete set is best (Burnham & Anderson 1998) . Between them, the top two models have a combined Akaike weight of 0.98 (Table 1) . Because all other models had very little support, our analysis provides strong evidence for Markovian movement, little or no time variation in survival, recapture, and ring reporting probabilities.
This strong support for Markovian movement is reiterated by conventional likelihood ratio tests; a comparison of S.p.r.R t R′ t F.F′ with its random emigration counterpart yields a chi-square statistic of 45.458 with two degrees of freedom (P < 0.0001). Similarly, a comparison with the permanent emigration equivalent yields a chi-square statistic of 9.202 with one degree of freedom (P = 0.0024).
The model with the next smallest value for AICc was S T p.r.R t R′ t F.F′ which is identical in all respects to S.p.r.R t R′ t F.F′. except that the natural logarithm of the odds of survival is modelled as a linear function of time. The approximate 95% confidence interval for the linear trend in the natural logarithm of the odds of survival of -0.009, 0.046 indicates that the proportional annual change in the odds of survival lies somewhere between a 0.9% decrease and a 4.7% increase each year. Therefore, a moderate trend in survival probability over the 30-year period cannot be ruled out.
Models involving S. have survival rates constant throughout the 30 years of the study, and models involving S t have 29 year-specific survival rates. Although models with S. appear to be best in terms of AICc, it seems unlikely that survival probabilities have remained constant throughout the study. 
DISCUSSION
The study population has grown continuously during the past 20 years and almost quadrupled in size. During this time, the proportion of occupied nestboxes, and with it the potential for intraspecific competition, has increased, levelling off only during the last years. The decrease in the annual proportion of recruits is also a sign of increased competition. The rate of changes between nestbox clusters, however, was lower in the second half of the study period. In our study area, unsuccessful females were not more likely to change nesting areas in subsequent years, possibly because a generally high hatching success and high breeding density made such effects difficult to detect. The average annual survival rate estimated for female Goldeneyes was 0.830 (se = ±0.023), which is high compared with other duck species (Blums et al. 1996 , Krementz et al. 1997a . One possible reason is that this population experiences no hunting pressure in Germany and only rarely migrates into countries with an open season for Common Goldeneye (e.g. Denmark, France). We detected no annual variability in survival due to (catastrophic) environmental or anthropogenic impacts as has been observed in other bird species (e.g. Migoya & Baldassarre 1995 , Cézilly et al. 1996 , Krementz et al. 1997b , Ryan et al. 1998 .
Earlier results using life tables for 1971 -1982 (Bräger 1986 ) indicated similar annual survival rates for adult female Common Goldeneyes in the study population at that time also (82.9% vs. 83.0 ± 2.3%). In two Swedish studies, annual survival of breeding females was 63% (n = 261; Nilsson 1971) and 77.2 ± 3.4% se (n = 172; Dow & Fredga 1984) . Methods and results of the latter study in South-Central Sweden (1959 -1980 were similar to ours. Annual survival of breeding B. c. americana females in British Columbia, Canada, was 61.2 ± 6.5% se (n = 85; Eadie et al. 1995) and 62.3% (Savard & Eadie 1989) , closely matching the results of two other North American studies (58% and 63%; cited in Eadie et al. 1995) .
The strong evidence in favour of Markov emigration indicates that the availability of Goldeneye females for recapture depends on whether they were available for recapture the previous year. To be available for recapture, Goldeneyes had to (a) breed and (b) select a nestbox within the study area. Our parameter estimates (Table 2) indicate that a Goldeneye which nested in a nestbox in our study area in year i had about a 91% (95% CI = 82%, 96%) chance of nesting in a study-area nestbox in year i + 1. In comparison, a Goldeneye that either failed to breed or that used a nest-site outside the study area had only a 15% (95% CI = 5%, 39%) chance of nesting within a study-area nestbox the following year. This is evidence of reasonably strong fidelity to the whole study area between years, but also provides evidence of some switching between the 13 nesting areas and/or between breeding states (e.g. intermittent breeding in some years).
This result has important implications for markrecapture studies based on recaptures of breeding individuals. Because of movement between breeding states, the traditional assumption of permanent emigration in mark-recapture studies is unreasonable, as is the alternative random emigration assumption. In this study, a strong asymmetry in the probability of breeding on the study area between birds available or not available for recapture the previous breeding season was accommodated using the Markov emigration model. Successfully fitting this model requires the availability of resightings of live birds from throughout their range and/or recoveries of tags from dead birds. Of interest, however, is the fact that the nature of movement in the model seems to have little influence on survival rate estimates. Under random emigration, average annual survival was estimated to be 0.817 (se = ±0.023) and at 0.811 (se = ±0.023) under permanent emigration. Both estimates are close to the estimate under the corresponding Markov emigration model where average annual survival was estimated at 0.83 (se = ±0.023).
Evidence for time variation in survival was equivocal. Using ∆AICc as a criterion there was a strong indication that a model with a different survival probability in each year was heavily over-parameterized; however, there was some evidence using a likelihood ratio test that some variation was present. One possible explanation is a time trend, but evidence for a trend was also equivocal. The model S. which had the smallest AICc is unreasonable as it suggests survival rates have been constant for 30 years. An alternative to the trend model is the model intermediate between S and S t in which annual survival is modelled as a random effect. This model provided evidence of a small amount of time variation with an estimated coefficient of variation of 11%. Therefore, a reasonable conclusion is that there is some time variation in survival rates that can be adequately modelled as random variation about a constant mean (Fig. 4) .
The relatively small amount of annual variation in survival probability is surprising because the majority of older females winter in the breeding area and winter severity varies considerably between years. Goldeneyes, however, often stay on rivers when lakes freeze over and can be aggressive towards competitors for food (cf. Savard 1988) .
